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C L A S S I F I C A T I O N  OF T H I S  P A G E ( Iklren Data Entered)

- (bii ~ not l i m i t e d to ) f au l t y  i n i t i a l  ana lys i s .

Ou. f ind ings  are tha t :

1. \ more accura te  i n i t i a l  pos i t ion  and t r ack  approach ing the accuracy of
the post-season ‘bes t - t raciC ’ anal ys i s , w i l l  produce a subs tav it ia l  increase  in
accur acy  of the pos i t i on  forecas ts  at ranges of 24 hours and probably at 48
hours .
2 . The use of s a t e l l i t e - derived  heights  may provide usefu l in format ion  fcr
p r e d i c t i o n  of s torms i n i t i a l l y po leward of , say , ‘30°N.
3 . The cu r r en t  method of analyz ing  the in i t i a l  s t r e a m - f u n c t i o n  f ie ld  in the
area influenced by the s torm c i r cu l a t i on  resul t s  in a loss of usefn l observat ion
( m a i n l y  s a t e l l i t e - d e r i v e d  wind  e s t i m a t e s)  in the outer  f r inges
4 . Fixe d values of s t r e a m - f u n c t i o n  and absolute  v o r t i c i t y on the boundaries
of the cu r ren t  SANBAR forecas t  g r i d  are producing  ser ious  e r ro r s  beyond 24
hour s  range in some s torms in , or r ecu rv ing  into , the wes te r l i e s of middle
l a t i t u d e s .
5. Some s torm t racks  r-e~~pond to baroc l in ic  e ffects  in the la rge-sca le
fea tur es  of the sur reunding  region . In some addi t ional  instances the s torm

I t r ack  may be d i r e c t l y  in f luenced  by asymmetr ic  ba roc l in i c  e f f ec t s  in the storrr
s t r uct u r e  itse I f.
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INT RODUCTION

The goal of this  s tudy  is to establish the value of sa te l l i te  observations

for the prediction of t rop ical cyclone s . We are especially conce rned with

observations which can be derived with ease from the McIDAS system (U.  of

Wisconsin , 1973) at the Air  Force Geophysics Laboratory (AFGL) .  More-

ove r , we are part icularly concerned with prediction of’ the cyclone tracks by

SANBAR , (Sanders et al . 1975) , a barotrop ic dynamical model app lied to the

~arge-sca1e flow pat tern surrounding the storm , averaged through the depth

of the t ropical  troposphere . Th is model is used operationally at the National

Hurr icane  Center (NHC ) .

Be cause of lack of’ adequate data within the area influenced by the storm ,

the analysis w ith in this region is modele~d on the basis of the est imate d size ,

intensity , and current disp lace ment vector of the storm , as described by

Sanders et al . (1975) .  Elsewhere the analysis is base d on winds observed

by rawinsondes , by aircraf t ,and by ships; and (re cently)  on wind es t imate s

base d on cloud-motion vectors derive d from geosynchronous satel li tes .

Our work has focused on improving the accuracy of the SANBAR fore -

casts through more accurate de termination of the position and track of the

storm , and through improvement of the large-scale analysis by more exten-

sive use of the satell i te wind es t imates .  In this report , we discuss the f i r s t

of these ef for ts  in detai l , and examine intensively some part icular ly  poor

operat ional  forecasts  to determine the cause of the errors and to es t imate

the l ikelihood of improve ment by increased use of the satel l i te  data.  Al l

case s were taken f rom the 1975 hur r icane  season in the At lant ic  Ocean , the

Caribbe an Sea~and the Gulf of Mexico. The tracks of these storms , de ter-

mined by care fu l analysis afte r the fact  (the “best t racks ” ) , are shown in

f ’ i g .  1. The r e a l - t i m e  pe rformance of SANBAR , of several other guidance

forecas t s , and of the u l t ima t e  “o f f i c i a l ” p red ic t ion  issued by NHC , is shown

in Table 1. The var ious other  guidance forecas ts  are discussed by Newmann

al .  ( 1 9 7 2 ) , N ewmann and Hope ( 1973) , and Newmann and T~awrencP  ( 197~~).

8
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TABLE 1. Displacement  e r rors  (nautical  mi les)  for  1975 guid-
ance forecasts .

12 hour 24 hour 36 hour  48 hour  72 hour

O f f i c i a l  61 126 — - -  282 395
NHC67 56 134 --- 355 459
NHC72 61 133 --- 330 40 1
CLIPER 60 132 ---  273 316
NHC73 52 116 - - -  276 415
SANBAR 65 127 - --  268 356
Number  of
cases 54 45 0 32 
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1 OF BEST Tl~ACK POSITIONS A N D  DISPl ACEMENT \ E C T OR S

The McIDAS system with  its  super ior  navigation offers  the p o s s i b i l i t y

of more accurate  t rack ing  of a trop ical stor m up to the in i t i a l  t ime of the

forec ast. This determinat ion could be based on app l ica t ion  of the correla-

t ion technique ( U .  of Wisconsin , 1973) e i ther  to the s to rm cloud sy stem as

a whole , or , pre ferab ly, to the eye if it is d i scern ib le , To s i m u l a t e  the

bes t of all possible wor lds , we have taken the b e s t -t r ~m c k  in f e r m a t i ” r  for  74

of the 78 cases in which opera t ional  SANRAR forecas ts  \~~ ‘ t  made in l 97 5~

These forecasts  were r erun by NI-I C with the ope ra t i ona l  data base hut  w i t h

the best- track in i t i a l  positions and d isp laceme nt ve l  t or s  in st e a d  of the oper-

at io nal ones. The operat i oral and be s t - t r a ck  v a lue~- are r i v e n  for  each case

in Table 2 . The bes t - t rack  vector was  ob t a i n e d  f r o m  the 6-hour d i s p lace-

ment  immediate ly prior  to i n i t i a l  tb -ne , to s i mi 1 i a l e  the ‘p a l - t i m e  s i t u a t i o n .

Posi t ion e r ro rs  for the opera t ional  f o r e c a s t s  and for  th e  re runs are

sum m a r i zed iii T ables 3 and 4 , r e spec t ive ly . V e r i f i c a t i o n in both ins tances

was taken  f rom bes t - t r ack  posi t ions . The numbe r of v e r i f i c a t i o n s  decreas e d

mo not on ic a l ly  with forecast  range as increasing numbers of t r acks  passed

i nlan d or eas tward  out of the range of NBC forecast  r e s p o n s i b i l i t y .  In a few

instance s the storm we akene d wi th in  the NBC area so as to obviate the ne-

cessity of t racking.  It is unlike ly that the accuracy of the bes t- t rack  infor-

mation could eve n be achieved in real time . if only because the pos i t ion  at

a given t ime is d e t e r m i n e d  by observe d fixe s afte r , a s w e l l  as he fo c , t h a t

• t ime . In real time we wi l l  be hard put to know wh ether the most recent

change in t rack represents  a signif icant  change in the disp lace ment  rate of

the storm , or me rely a shor t-per iod excursion.  Onl y analys is  a f te r  the

fact  can e f fec t  that  (let ermi ’lation. Therefore , the resu l t s  in Table 4 repre-

sent a l imi t  of op t imism in this  respect.

• Subject to the above qua l i f i ca t ions , the resu l t s  show a s u b s t a n t i a l  im-

~ ~
-

I The fou r r e m ain i n g  f o r e c a st s  could not be r eru r  fo r  a van e t v  of r ’ - a s o n s

u n r e l a t e d  to the accuracy of the opera t ional  p r e d i c t i on s .
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TAB T ,E  3. Me an pos t ion e rr ot ’s  (n a u t i c a l  m i l e s )  fo r  o p er a t i o n a l  fo r’ i ~~’~j s i s .

00 h r  12 hr  24 h r  36 h r  -I~ h r  72 h r

Amy  8 72 107 117 1 147 338
( 7)  ( 5 )  ( 5 )  ( 5 )  ( 3 )

Blanche 16 53 101 135 --  --

(4) (3) (2) (1)

Caroline 7 33 73 116 152 - -

(5) (4) (3) (2) (1)

Doris  11 72 104 174 240 369
(10) (9) (8) ( 7 )  ( 6 )  (4 )

E l o i s e  18 60 95 134 198 283
( 15) ( 14)  ( 1 3)  ( 1 2)  ( 1 1 )  ( 9 )

Fai4 e 19 73 151 218 268 4)~3
( 14) ( 13)  ( 11)  ( 9 )  (7 )  ( 5 )

Glad ys 11 76 144 233 347 459
( 17)  ( 1 7 )  ( 16)  ( 15)  ( 14)  ( 1 2 )

H a l l i e  46~’ 65 - --  - - -

( 2 )  ( 1)

\ Iean  15 67 121 181 261 393
( 74 )  ( 67 )  (58)  ( 5 1 )  ( 4 4 )  ( 33 )

S i g n i f i c a n t  at 10% lev e l
() Number  in sample

F

’

r
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TABLE 4 . Mean posi t ion e r ro r s  (naut ic ’al  mi les)  for SANBAR )  re runs ,

OOh r l2h r 24hr  36h r 48hr 72h r Total~
Amy 0 63 111 155 237 400

(7 ) (6 )  (5) (5) (5 )  (3 ) (24 )
~7J [3] [3] [2]  [ 1] [1] [101

Bianche 0 27 72 137 -- - -

(4) (3) (2)  ( 1) (6)[4 1 [31 [2] [0] [5]

Caroline 0 24 42 79 220
(5) (4) ( 3)  (2 ) ( 1) ( 10)
[5] [2] [2] [11 [0] [51

Dor i s 0 42 74 112 171 302
( 10) (9) (8) (7) ( 6 )  (4) (34 )
[101 [7] [6] [6] [5] [4] [28]

-

- -

‘ 

~ 1oise 0 41 68 105 179 310
( 15) ( 14) ( 13) ( 12) ( 11) (9) (59)
[15] [9] [10] [7] [6] [5] [37]

Fave ’ 0 67 136 181 195 411• ( 14) ( 13) ( i i )  (9) ( 7)  (5) (45 )
[14] [10] [6] [6] [6] [4] [32]

Glady s  0 52 122 201 293 430
(1 7)  ( 17) (16) (15) ( 14) (12) (74)
[17] [10] [ 10] [9] [8 1 [ 6 ]  [43]

H a l l i e  0 88 --  -- - -  --
(2 ) ( 1) ( 1)
[2]  [0] [0]

Mean 0 50 99 152 224 376
(74) (67) (58) (51) (44) (33) (253 )
[74] [44] [39] [31] [26] [20] [160]

Change f rom operat ional  forecas ts

-15 -17 -22 -  -29 -37 -17

Total excluding OOhr
Numbe r in sample

Numbe r in sample which had pos i t ion  e r rors  equal to or less than thoser of opera t ional  forecasts .

i
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prov ement  at a l l  range s . 1” rom p rev i ous  e x p e r l 4 ’ n ( - ( ’  we b e l i e v e  t h a t  i i -  h e n —

e f i t  - I.. f ’  to c o r r e c t i o n  of the i n i t i a l  p o s it i o n  alone would be a m a x )  mum at 1 -

i n i t i a l  t ime  and would have large ly van i shed 48 h o u r s  la te r ’ , Sin o e  ‘Xl f~nd

here the g rea test  improvemen t  in the range f rom 36 t.o 4~i hou r s , i t a ppea rs

th a t the corre c t ed d i s p lacement  vector , which i m me d i a te  lv i mp r o \- ’  - 5  the

s t r eam - f u ne t  ion anal ysis  in the region in f l uenced  by the s t o i - n i  at . t i l l ’  i n i t i a l

t ime , has also a s u r p r i s i n g l y  b e n e f i c i a l  l ar g e - s c a l e  e f f ec t  at l a t e r  t i n e - s . 1-tv

72 hours , howeve r , the improvement  is decreas ing  r a p i d l y .

We note tha t  the mean e r ro r s  for any fo recas t  i a n ~ c’ for any i n ( l i v i d i l a l

s torm d i f f e r onl y i n s i g n i f i c a n t l y f rom the mean ove r a l l  s to r m s . Tha t  is ,

none of the 1975 s torms were  excep t iona l l y  di f f i c u l t  (or e a sy )  to p~-e l i c t ,  Th i s

u n i f o r m i t y  is probabl y due to the lack of any n o tab ly  e c c e n t r i c  t r a ck s  du ’  nc

th i s  year , as can be seen by inspec t ion  of J ig. 1 . In the even t  of loops , cu s ns ,

ha l t s , and sudde n s ta r t s , it is l ike l y that the b e s t - t r a c k  i n f o r m a t i o n  w o u l d

have d i f f e r ed  f rom the operat ional  data  more w i d e ly  than shown in Table 2 ,

I t  is thus probable that the improvement  in forecast  a crur ac  would be u c- e a tr r  -

C In th i s  respect , then , the improve ment  shown in Table 4 may unders ta te  fh

p oten t i a l  of the bes t- t r ack  i n f o r m a t i o n .

Two aspects of the d i sp l acemn ~ nt e r ro r  vec tors  were examined , for  both

the operat ional  and the re run fo recas t s .  The f i r s t  of these wa s  s imp l y the

speed e r ror , expre sse d in naut ica l  m i l e s  per 24 hou r s ,  The second was a

d i r ec t i on  e r ro r ’ , the pe r pendicular  distance from the fore L - ast p o s i t i o n  to

the observed disp lacement vec to r .  The d e f i n i t i o n s of these e r”o rs  is  i l lu s -

• t r a t ed  by the sketch in Fig.  2 . This  was clone s e p a r a t e ly  (o r  the  f i r s t  a n - 1

for  the second 24-hour periods of each fo r eca s t . R e s u l t s  a~’~ s u mr n a r i 7 ” i

t o ’- mean m a g n i t u d e s in Table 5 and for  a l geb r a i c  me an s in Table  6 , In t h e

la ’t u r’ , a negat ive value means too slow a fo recas t  speed , or a f u ’r l o - a s t  P ’si-

l i - r n  t o  the l e f t  of the observed t rack , as shown in I- ’~ z .  2

In Table  S v-c see tha t  speed e r r o r s  and ( l i r p ( ’ t l o n  er r o rs  a re  of coin p a ’

1’ m a g n i t u d e , t ha t  both grow s u b s t a n t i a l l y  f rom the f i r s t  t o  the  se rend I -

h u e  p er io d  of the forecas t , and that  both type s are r e d u c et i  s l i i T h t l v  f o r -  1 , ’)

pe n o d s in the re run f o rec a s t s .  The s t a t i s t i c a l  s i g n i f i c a n c e  of the  i l i i p i ’’:1 -
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1
m e r i t  in t h e  \ ( r a l l  means  is not large , but inspec t ion  of Table 5 shows that

i mp ( ’ ‘ V I -  i i ient  ci~-~ - i ic ’ re i i  for  the in ( l i v i lua l  s torm means in about t h r e e — q u a r t e r s

‘I l i i i  i n s t a n ce s

Ii i  Ta ble 6 , sonic inte r e s t i n g  biases  appear .  The forecast  speed3 are

si ‘. :10 I liii d i sp l a c em e n t s  are to the le f t  of the observed t r acks .  Surpr i s-

t i i ~~lv . l i -  b i a s e s  are not r e c i n c e , l  in the rerun pred ic t ions  based on bes t- t r ack

n n ’ c -m a t i on  - I~ c i r c e  n od ’ t~~ l ” i g . 1 shows that  the 1975 s torms tended strongl y

t o  Ino~ t~ i 1 ’n c ~ c l o c k w i s e - c u r v e d t r acks  ( i . e. to recurve ) and accelera te  dur ing

iii” p~’r i od  when t’o recast s  w e r e  made.  This  tendency was espec ia l l y pro-

) 1 e ( i f l ( t - ( l  f r i c  E l o i s e , l” aye , and Glad ys , for  which the m a j o r i t y  of p r ed i c t i ons  

ma te . ( I n  31 of the 74 cases the in i t i a l  pos i t ion  was north of 30°N.) Lvi -

(i n t l v  th e  t’oc ’ccas t  t r a c ks did not show these cha rac te r i s t i c s  to a su f f ic i en t

- i i ,  ~~~~~ p r e s u m a b l y  because of a f a i lu re  in the forecas t  of the large-scale

i - i r ’ c ’u l a t i ’n p a t t e r n .  The r e l a t ive  success of the operat ional  forecas ts  in these

- i ’ .-~p’ C - t s  T : i a v  have been Clue to a subject ive  ant ic ipat ion of th is  behavior  on

th ~ p a c t  ,f l i i i ’  i i u r ” i c ane f o r e c a s t e rs who provided  the operat ional  in i t ia l

t r a c k  Ii  - , - r t i o ns and speeds .  We do not believe that  this  result  would be found

in  a s a m p i ’ -  ~ i f f o r e c a s t s  in w h i c h  more  of the actual  t r acks  were i r re gu la r .

1 1 ) 1  \ ‘F T F I ( A T I F )N OV TITE PREI)ICTE D STORM CENTE R

fle ’ n o m i n a l  p o s i t i o n  of the  s t o r m  c - en t e r  in the SANBAR forecas t  has

-n t a k e n  as ~} l F -  m ean of the p o s i t i o n s  of the absolu te  v o r t i c i t y  m a x i m u m

- i  I hi’ s t c - e a f l l — fl jn ( ’l  ion m i n i m u m , when both w e r e  present .  If the l a t t e r

as  i t  o f t e n  d oe s due to  t r unca t i on  e r ro r  or s t r eng then ing  of the

t a r  a ” -  — s r i  I ’ ’  i l ew  in the i - ic  i n i t y  of the s torm , then the po s i t ion  of the s torm

- ‘-nt  f i ’ -  I w i t h  tha t  of th e  v o ” t i c  it . y m a x i m u m .  Tn t h i s  ca se , the forecast

i. r a - k 1 i sp l ~~vs a s p 1 Ir i o u 5  j og to th e~~~~ R a r e l y ,  the forecas t  i ’er t i c i t

1 J ’ o r  t h a t  m a l t . - ’ - , the s t a t i s t i c a l  s ign i f i cance  of the improve ment in Table

4 is  w ’t  l a r c e , bu t  we choose to he g u ide d  by ph y s i c a l  r eason ing  and h e l u ’ v i

h ’’ - ’ ’  — n i t , We woul d  bet on the next  sample .

20
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maximum c annot he unambigous l y i d e n t i f i e d ;  then the s torm is pr e s u m e d  to

have lost i t s  i d e n t i t y .  This  did not happen in the 1975 sample , the p red ic t ed

s t i ) l ’n i s  be in~ more pers i s ten t  than the observed ones , espec ially after land-

f a l l .  In a l l  ca ses  t i re  p re d ic ted  s torm pos i t i on , howeve r obtained , was ad-

,j u s t e ! by a i -ro to r ’  co r rec t ion  app rop r i a t e  to the vec tor  d i sc re pancy between

the s p e c i f i e d  i n i t i a l  pos i t ion  and the pos i t ion  wh i ch emerge d f rom the anal-

v s i s  and i n i t i a l i z a t i o n  procedure .

It  occur -ed to us that  since the p red i c t ed  pos i t ion  of the s t ream-func t ion

m in i m u m  may be strongl y a f f ec t ed  by t runca t ion  e r ro r , and since the physi-

cal bas is  of the fo : ’r - cas t  is conservat ion  of absolute v o r t i c i t y ,  the posi t ion of

the s to rm should be i d e n t i f i e d  wi th  tha t  of the absolute v o r t i c i t y  maximum at

a l l  t i m e s .  S t r i c t l y  speaking , the r e l a t i v e  v o r t i c i t y  maximum is the relevant

e n t i t y  and the absolute max imum w i l l  he found s l igh t ly  to the north . The

s t reng th  of the e a r t h - v o r ’t i c i t v  f i e l d , howeve r , is u t t e r l y  small compared to

th at of the c’elat ive — vor ’ tic  i t v  t ie  Id , so that  the d i sc repancy  is undoubtedl y

n e k l i g i b l e .  M o i - e o v e r ’ , the la t te r ~s not e x p l i c i t l y  ca r ries  in the fo recas t .

The c -c fore , we are s a t i s f i e d  w i t h  the pos i t i on  of ’ the absolute max imum .

A c c o r d  i n k l v , f o r -  th e  r e run  p r e d i c t i o n s , the pos i t ion  e r ro r s  we re recom-

put ed  on the ba s i s  of the v o r t i c i ty  m a x i m u m  alone , wi th  re sults shown in

Table  7 , The a dj u s t m e n t  in t h i s  case wat  based on the small  d iscrepancy

h l - t - .v l efl the s p ’ - ( ’ i f i e d  s to r m  pos i t i on  and the i n i t i a l i z e d  v o r t i c i t v  maximum .

t~n c ’ n c - i S i n k l v , the er r o r ’ s  ar e  s l i g h t ly  lar ’k er , ove ra l l  and for most s torms

an d r a n k ’ s . S in -c the v e t - t i c  i t  m a x i m u m  w i l l  h r  to the righ t of the nominal

po s i t i o n , w e  m i g h t  e xpect tha t  the le f t  b i a s  in the o r ig ina l  rerun forecas ts

w ou ld  he ‘- educed .  The ~nean algebra ic e r ro r s  of the t w o  sets of re run fore-

casts  ( ‘an he compared f rom the da ta  in Table 8. We f ind  tha t  indeed the

left b a s  is c- educed in the t’i r s f  2 4 — h o u r  per iod , o v er - a l l  and for  f ive  of the

sei-e n s t or m s  - l ” oi ’ t h o  serond pe r iod , h owe\ -d r , the overa l l  l e f t  b ias  is i n —

c reased , a r e s u l t  - t u e  t o  E l oise a n d G l a dy s  - The s low b ias  in speeds . more —

m~~’ r ’ , i s  s l i g h t l y  in c r ’e a su ’i l .

We be l i eve  tha t  these c - u - i o n s r e s u l ts  were  produced  by c a n c e l l a t i o n  of

e r r o r s  in the r e run  f o r e c a st s  base d n -~n the  n o m i n a l  pos i t i on , and tha t  the
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TABLE 7. Mean position errors (nautical miles )
for SANBAR reruns based on vo r t i c i t y  max imum
alone ,

00 h r  12 h r  24 h r  36 h r  48 hr  7 2 h r

A m y  0 65 108 154 245 422
( 7 )  (6 )  (5) (5) (5 )  ( 3 )

Blanche Q 31 86 122
(4) (3) (2 )  (1 )  

— —

Caroline 0 24 39 65 198
(5) (4) (3) (2) (1) 

—

Doris 0 43 78 117 174 305
(10) (9) (8) (7) (6) (4)

Eloise  0 42 73 109 185 320
( 15) ( 14) (13)  ( 12)  (11)  ( 2 )

Faye 0 64 14 1 182 202 42 1
( 14) ( 13) (11)  ( 9 )  ( 7 )  (5)

Gladys  0 56 125 203 296 437
( 17)  ( 17)  (16) ( 15 )  (14 )  ( 1 2 )

H a l l i e  0 100
‘2 1 (11 

— — —

Mean 0 51 103 154 229 38Fi

(74) ( 67 )  (58 ) ( 51 )  (44 )  ( 33 )  —

Change from original reruns

0 +1 +4 i2  -‘9

Number in sample
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biases  in these  f o r e c a s t s  would  h a v e  hc ’n l a rge r , and t h e  p o s i t  i -r i d c ’ c i ’S

k also l a l ’k e !’ , t h a n  in t er ecas t s  based on the vo r t i c i t y  m a x i m u m  alon i  , had

not t h is  ..-
~ n - e l l a t i o n  occurre d . 1- l o w  th is  comes about is ~hi v - n  in 1 - i c .

The i n i t i a l  co r rec t ion  for the nomina l -pos i t i on  fo r eca s t s  is toward  the no r - t i -

east , (in the average , because the average storm is embedded in a southeast -

e ri r  l ar ge -sc a le  f low and the in i t i a l i z ed  s ti - e a m - f u n c t i o n  m i n i m u m  is toe f a r

to the southwest . When this min imum disappear’s in the course of these f o r - i - -

casts , as more than half did by 48 hours , the pos i t ion  (flow base d solely on

the vort ic i ty max imum) receive s an undeserved boost toward  the nor theas t ,

tend ing to reduce the average bias in the forecast position , The voi’ticd’~ 
-

maximu m forecasts  do not receive this  benef i t  because the in i t i a l  d iscre p-

ancy, and thus the correct ion , is small .  When the d iffe rences in the corr-

ections for the nominal-posi t ion and v o r t i c i t y - m a x i m u m  forecas ts  (seen in

Fig. 3) are compared with  the diffe rences shown in Table 7 , it appears  t h a t

the success of the nomina l -pos i t ion  fo recas ta  was  probably a h a pp y  n c -m i- l u i - a l

accident .

Needless to say , this  result  could not be expected in a sample of fore-

casts containing relat i ve ly fewer  r e c u r v i n g ,  a cce l e r a t i ng  t racks ;  and we

recommend use o ’ the vorticity maximum alone , because it make s b e t t e r -

ph ysical  sense. F ina l ly ,  howeve r , he e n t i r e  ma t te r is n ot  i--c ry  i m p o r t a n t ;

the ten-mile reduction of error , which is the most  tha t  could be expec t ed ,

would ha~~ l i t t l e  impact  on the state of the a r t .  The major  areas of pros-

1 
pective improvement  lie e lsewhere .

SANBAR A N A T X S T S  IN OCEANIC RF .G1ONS

A w ay  fr o m  r ’ek i ons  of adequa te  rawm sonde coverage , the a n a ly s i s  of

the ‘ i i t i a l  l a r - g e — s c a i r  f i e l d  ‘~f m o t i o n  is not on l\-  d i f f i c u l t , bu t  also c r u c i a l l y

i mp o r - t a n ’  4 I 1 r  most  t ‘- ir k - a l -  s t o r m f o r e c ast s , In the S A NB AH  g r i d  area an

a r r a y  ‘~ 
-t I ’ ~~~~S t c ’ i f l t~— ‘‘ wa s  e s t a b l i s h e d  ( l - ’i g. 4 )  by su b j e c t i v e  app ra i sa l

of ri . -  1 I s ’ i ma’ ’ - if c l .- mean  t r o p o s p h e r i c  w i n d  at these p o i n t s , h o w e v e r

nh’ a a . ’cj  , ‘-~ ‘ - ‘ ‘ ‘ ‘ c  a - - i c - i  as h a v i n t ’  the same s t a t i s t i c a l  propr ’ c - t n i ’ s as r a w i n —

-~ond.’ v o i  o h — .  r -~~ t i ’ns , a n - I  were  there fore used in the I - i n s t r i i l - t i o n  of

* 
25

- -~~~~~~~~ -~~~~~ -~~~~~~~~ --- - - - -~~~~~~~~~— -~~~~~- - 
_ _~~~ ___i J



r 

‘

~~ 

- -

In itia l ized Vo r tIcI~ y Mo*Imum 
~

/4 ~ COrrectio n to , “VO rtiC ’ t y Moiimum ”- - - j ) Foreca s tsSpecif ied POs it iOn

Cor recti on for “Nomin al Positi on ”
InI t ialIzed Nomin al Pos it ion ,‘~__, _ _ _J 

Forecast s

N

IflhtiOl ized Stream-F unct ion I E
Minimum + 24 hr

I~
I2
~~~

‘I

+ 48 hr 72 h r

I

3 Sk et chc ’ s of c ’ u ’ ? - . - , - r t , , n  f o r -  ‘nom inal poS i t i on ’’ fnc ’p( ’ as t s
and f ’ I ’ -  v ’ i r - t i r i t v  m a y i m n im ” f ’o’. ’ca~~ t s . w i t h ai - t r i a l  v a l u e s  of m e a n
d i s c - ’ - . ’  flaflcc”s ~ ii’~’n i n  na u t i c a l  m i l e s  See t ’ -x t .
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c ’ , ’ c ’e s s i t , n  equa t ions  for  p e r f o r m i n g  t ire analys i s  at the relevant  points of the

~~ - \N BAFh  computa t ional  gr id ,

I n i t i a l l y  ( in 1968) , the bogus-point  values we re obtained subject ively by

a judicious  blend of the cur ren t  opera t ional  surface and 200-mb analyses pre-

pare d manual ly  at NT IC and the 500-mb analysis (at higher latitudes) prepared

by N l \ I U , occasionally seasoned with w inds observed by reconnaissance a i r ’ -

c r a f t . These informat ion sources , save the iast , w e r e  generally 12 hours

o I l  at the t ime the bogus-point  es t imates  were made . The procedure , more-

over , was awkward and time - consuming.

In time , the process of analysis of the flow patte rn at low levels (ATOLI.
and near 200-mb was automated (Wise and Simpson, 1971), at NHC; the auto-

mat ion  of bogus-point es t imat ion was soon to fol low ( Pike , 1972). Fur ther

and most impor tan t ly,  a new data source became available : est imate s of

wind based on c loud-mot ion vectors obtaine d from successive views from

geos~ nchronous sa te l l i tes .  The cloud elements were morphologically char-

ac ter ize d as “low ”, “middle ”, or “hi gh ”. The f irst and last were added to
t h e  data base for the ATOLL and 200~ mb analyse s , respect ively. The middle-

d --”ud mot ions , which  were rare ly obtaine d , we re not used systemat ical ly

at X Il ( ’ .

P ike  ( 1975)  derive d regress ion equations for e s t ima t ing  the t ropospheric

mean w i n d , r equ i r ed  by SANBAR , using wind observations at 850mb “id

at 200mb as predictors. In the small dependent data samp le , rawinsonde

o l , s,’ ‘ v a t  ion s  at these levels were pre sume d to simulate winds der ived  f rom

\TOl .h . and 200-mb analyses in actual appl icat ion . Adams and Sanders( 1975)

e s t a b l i s h e d  comparable regression equations from a ve ry large sample of

da ta , from the Pacific as well as the At lan t i c  sector , s t ra t i f i ed  by geogra-

p h i c a l  are a and by season. Thei r  resu l t s , for the area corresponding most

c l o s e l y t o Pike ’ s are shown in Table 9 , along with his earlie r results. As

can be seen , they found l ittle advantage in stratify ing by season.

In view of the d i f f e rence between these de f in i t ive  equations and Pike ’ s

and in v i ew  of lack of knowledge of the adequacy of the automated ATOLL

28
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TABLE 9. Regression equations for zonal and
meridional components (knots) of’ me an tropospheric
wind , based on rawinsonde observations at 850 mb
and 200 mb .

Pike (June - November)

= -0. 512 + 0 . 5 6 1  u850 + 0 .399  u 200

~ 1000- 100 = 0 . 574 + 0 . 269 v850 + 0. 265 v200

Adams and Sanders( ,Tune -October)

~lOoo~ 100 
0 . 394 + 0.530 u 850 ~ 0 . 374 u250

= -0 . 513 + 0 .450 v350 
+ 0 . 327 v250

Adams and Sanders (June-August)

0.268 + 0.538 u 850 + 0 . 3 5 5 u 250

100 -0.515 + 0. 437 v850 + 0.322 v250

Adams and Sanders (September-October)

~~ f 0 0 -~ 00 = 0 .58 1 + 0 . 5 2 1u 850 + 0. 386 u 250

= -0. 451 + 0 .4 6 7  v850 + 0. 332 v 950

- i
Ii’
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and 200-mb analyses, 
1 

we decided to re anal yze the oceanic data base for a

se lect ion of’ cases from the 1975 season. The original  intent was to obtain

revised values at the bogus points at these two levels , and to use Adams ’ s

and Sanders ’s equations to est imate the troposph e r i — - me an . The list  of cases

is given in Table 10. We initially selected 18 bad forecasts  and 18 good one s

from the operational samp le , expect ing that the bad one s would show improve-

ment and the good one s de te r ioration ; and hoping that the improvement would

exceed the de t e r i o r a t i on . The f i r s t  result would l ike ly ensue eve n if our alte r-

ations had no real mer i t , while the second would assure that we had in fact

done some thing help ful .  In the event , one of the good forecasts could not be

re run .

Upon our real izat ion , howe ve r , that the ATOLL and 200-mb analyses

are now performed exactly on the SANBAR computa t iona l  grid , the use of

bogus points seemed to make little sense 2, Unless the NHC analysis algo-

/ r i thms were egregiously bad , more useful  information could be brough t to

• bear by applying the regression equations d i rec t ly  to the analyzed data at

the SANBAR computational grid.  Accordingly,  we are carrying out the re-

vised forecasts on the basis of a re vised analysis technique which makes no

reference to the bogus points and uses data d i rec t ly from the ATOLL and

200-mb analyses in regions sufficiently removed from rawinsonde observa-

tions . The re sults of these revisions wi l l  be discussed in a late r sc i en t i f i c

-~ report .

*
I .

1 We fee l that the dis t inct ion between Pike ’s use of 200-mb winds  and

Adams ’ s and Sanders ’ s use of 250 mb is of l i t t le  consequence . The NB C’

200-mb analysis , base d p r imar i ly on a i rc ra f t  observations over the oceans

probably more nearly represents 250 mb anyway .

j.. 2 . E xcept polewa rd — t  45°N , the n o r t h e r n  l i m i t  of the A T O l l ,  and 2 00- i -i - r i

ana lyses .
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DIAGNOSIS OF ERROR IN SOME 1975 FORECASTS

Prior  to analyz ing  the revised forecasts  described above , we undertook

a stud y of the par t i cu la r ly poor operat ional  forecasts  l isted in Table 10 , wi th

the aim of de~~ r ’min i ng the causes of large forecast  e r ro r  and of e s t i m a t i n g

what improvement migh t be expected from a bette r analysis of the i n i t i a l

large-scale flow pat tern.  We found a variety of circumstances leading to

espec ia l ly bad forecasts , the major  ones occurr ing in the case h i s to r i e s  to

be discussed below .

Amy, July 3, 0000GMT

Th is storm (see Fig. 1) or iginated as a depress ion  ove r the Gulf Stream

east of Florida and reached t ropica l  s torm strength east of Cape Ha t te ras  on

.Tuly 1. It reached hurr icane  strength only b r i e f ly ,  if at all , before acceler ’-

at ing northeastward , losing its ident i ty  east of Ne wfoundland on the 4th , Amy ’ s

main effect  was to harass yachts competing in the eastbound transatlantic race.

And to damage yachts  c ru i s ing  between Bermuda and the Uni ted  State s , taken

unaware  by th is  ea rly - seas- n s torm of s e m i - t r o p i c a l  charac te r .  (H ebert , 1976) ,

I According to Van Gemei’t (1977), winds about 4Onm north of the center late
on the 3rd were  between 50 and 60 knots , w i t h  seas to  25 or 30 feet, Condi-

t ions  we re ev iden t ly  somewhat worse close t’ to the s to rm centerl ,

The details of the p red ic ted  and observe d t racks  appear in Fig. 5, The

• opera t iona l  t rack  d i r e c t i o n  and speed at the in i t i a l  t ime was toward 065° at

10 knots . The s to rm was predicted to move in app rox ima te l y th i s  d i r e c t i o n

and to acce le ra te  only s l igh t l y; 14 knots in the f i r s t  24 hours  and 17 knots in

the second, 1 In tl- e event , the s torm curve d s l igh t ly  to the lef t  and acceler-

ated dramaticall y to 24 knots 12 to 24 hours after initial time . The result

was a l a rge  205-nm e r ror  in the forecast  pos i t i on  at 24 hours  range , w i t h

1. The j og of the forecas t  t r ack  to the r igh t between 36 and 48 hours is an

a r t i f i c i a l  r e s u l t  of the los s of s t r e a m - f u nct i o n  m r i imum , as discussed

ea r  I i  er ’ -
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commensurate ly large e r rors  at late r time s had we not received the blessing

of dissolut ion of the actual  s torm.  The bes t - t rac k posi t ion and t rack veloci ty

were close to the operational value s and would have led to no gre at improve-

ment in th is  forecas t , but we provided an errone ous veloci ty  toward 075
0 at

18 knots for the rerun, yielding the modifie d track shown. The storm fai led

to accelerate through the f i r s t  48 hours of the forecas t .  (This case , of course ,

was not inc luded in the sample of 74 discussed in earlier sections. ) The fail-

ure of e i ther  the operati onal or the spuriou s rerun forecasts to show earl y

accelera t ion  led us to be i ieve  that the ini t ial  large-scale analysis may have
I

been seriously in er ror .

This flow pat tern , from the operational SANBAR run , appears in Fig. 6 .

F i l te r ing  of the storm leave s a large-scale flow toward the east-northeast  at

about 10 knots ove r the in i t i a l  posit ion of Amy , while large-scale confluence

produces a speed of about 20 knots at the 24-hour forecast  position. 1 Thus ,

the f i r s t  24-hours of the forecast  t rack was a direct  consequence of the in i t ia l

analys is ;  its temporal  evolution was of l i t t le  consequence .

The data bases for the ATOLL and 200-mb analyse s (supple mented by

some data evidently not available in real time ) are shown in Fig . 7. In the

c rucia l  are a , say, bounded by the center of storm , bogus points 7 and 5,

Newfoundland and Nova Scotia , there are few observations to guide the

ATOLL analysis. At 200mb , a number of reports  of strong southwes te r ly

winds lie in th is are a , but not at bogu s points 5 and 7.

The strong wind observed by the sh ip  at 37°N 59°W and the s t rong south-

southwe ste rl ies at 200 mb d eri ved fr om satell ite observations near 37°N

57°w as well as the estimated value at bogus point 4 would have been ignore d

since they lie within the m a x i m u m  influence distance of the storm. It is

clear  f rom the storm parameters  (Table 10) that the synthetic analysis  at

37 °N 59°W would y i e l d  a much weake r mean wind than any reasonable re-

1, A usefu l rule of thumb is that  the wind  speed in knots is 10 t ime s the

number of s t r e a m - f u n c t i o n  channels  contained in a dis tance of 300 nm
( ~ degrees of l a t i t u d e ) .
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Figure  6 . I n i t i a l  analysis  of l ar ge  scale flow p a t t e r n , July 3. 0000GMT
Solid l ine s are i s op l i th s  of s tream func t ion , at i n t e r v a l s  of 300x 10 4m 2 s 1

f r o m  th e ope ra t iona l  SANBA R analy s i s .  1)asheci l ines  ar e sub j e c t i v e lv
ana ly zed  500—mb con tours  at inte rvals  of 6 dm,  Tr i ang les  i n d i c a t e  500-mb

heights  obtarne d f rom s at e l l i t e  data: circ les , f rom raw ’.nsuflde ob ser vat ions  -
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i~t ’e5s i0 f l  es t i m a t e  bas ed (l f l  d i r e c t  a n a ly s i s  of the o h s e r \ - ’- d  d a t a .  IIIC- - p I - ( - t i u n

of F ig .  5 c o n f i r m s  t h i s  ex p ect a t i o n  . .-\t 42 °N 55°W a e o m h i n a tH n  of t } l ’ w i n d

observed by a i r c r a f t  and an est  I m a te  of 140 ° at 15 knots  i - s t  ma ted  f i ’om t I f l -

-\TOI L data would y ie ld , upon a p p l i c a t i o n  of A d a m s ’ s and Sanders ’ s Ju ne— 
C

October- regression equations , a tropospheric mean ~ nd of 207 0 at 22 k n o t s .  
I

;\fl anal ysis  base d only on rawinsonde and h o t / I t s  ok-a - r s  a t  t o n s  woul d  i i t  ( I I - -

t~-c t  th is  wind ; and Fig.  5 shows a d i : ’ec t i on  of about 260 ° at this  point  In

a l l , the in i t i a l  large-scale  a n a ly s i s  appears  t o  b (-~ seri ous 1y in e r ro r , to t i t e

considerable de t r iment  of the f o r e c a s t . -

In th i s  case , it fur the r appear ’s that  c ons t an t -p  r e  s i - Curl ’ he igh t data , s tu-

d ious ly  avoided in the t r o p i c a l l y - o r a ’n t l - d  SANII : \  l~ sy s t em ,
2 migh t 1ia ~ ’- 1)1 ‘~~ 0

help ful . Fig.  8 contains the h e i g h t s  at the 500-mb Ic sc- I , ‘~h ic}i y i e l d s  a c~ -o- I
s t roph ie  w in i  in close approximat ion  to the t r o p o s p h e r i c  mean wind  - l i i  add -- C

i t  ion to value s at the rawinsonde s ta t ions , a number ’  of e s t i m a t e s  v e t - ,’ t i ~a I e

by auding a 1000-mb heigh t derive d f rom the sea- leve l  pressure  anal y s is  I l l

the th ickness of the layer from 1000mb to 500mb de r ived  f r o m  sir~s t e m p e r -  -

ature sound ings f rom the N OAA-5 polar orbi te r . 4  s u b j e v t i v e  ana ly s i s  of I

the 500-mb contours , based on these data , appears  in F i g ,  R~~~I (  Though t i e

s a t e l l i t e — d e r i v e d  h e i g h t s  are c l e a r l y  p o o r e r  t han  the -~~w t n s I ’ f l t b ’  o b s er v a t  j o O S ,

the t ime serie s of raw insonde  data  at Bermuda  , near 32 ’ \ G5 °\V . s ug g e s t s  C

tha t  the observed heigh t is e r roneous ly  low at t h i s  t i m e  and tha t  the s a t + - I l  h e

d ata ar e e s s e n t i a l ly  cor rec t .  ) The sub j ec t i ve  a n a ly s i s  v o - l i s  g o - o s t i - o p h t c

w i n d s  which are in accord wi th  our foregoing e s t i m a te s  b a - I - I I f l

wind da ta .  A comparison of the wind  f i e ld s  d e r i v e d  f r o m  the  sub j e c t i \ e 1 y

1. The i a r ’ ~~,’ d i s c r e p a n c y  be tween  the s t r e a m  f l o w  ~n I  t h e  + h s e r v e d sr ind  at

She lbur’ne , Nova Scotia (near’ 44 °N 65 °W )  is ( lU ’ to  t i l l  ( ‘ f l )  I S S  t oil of t1~ is  t’ t -  —

- ‘ ‘ f l 1 l v —  i n s t a l l e d  s t a t i on  f rom the l i s t  used in  the S A N  h -L-\ I~ r ’ l ’ c i r - t - s s i I l  e q u a t  t o i l s ,

Th is l i s t  and the cle pen (lent  equa t ions  should  be upda te d  t i n  med i a t e  Iv -

2 , T h i s  is a s l ig ht  overs ta te ment , s ince the ATOLL and 200-mb s i i a l v s , ’ s

u se  N N I ( ’  g r i d — p o i n t  wind va lue s as a f i r s t  guess , and these have been den e l  
-

in p a r t  fr’om rawins on ( l e  and s a t e l l i t e  }i~- i g h i t s . -
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smoothed SAN1 3AH i n i t i a l  ana ly s i s  and f rom the 500-mb geostrophic  anal y s i s

appear in l” ig .  8 .

We observe , incidentall y , f r o m  the ATOLl, data that the s torm inf luenced

a reg ion w i t h  a radius of about 500 nn i  rather  than the nominal 300-nm value

used in the SANBAR calculation . This problem , howeve r, is interrelate d

w i t h  the vet  unresolve d problem of how to deal e f fec t ive ly wi th  data  w i t h i n  the

influence region of the storm , as d iscuss ed by Sanders et at. (1975). These

impor tant  problems are not addressed in our present work ,

We conclude that  the poor forecast  of the t rack  of Amy was due in this

ins tance to faulty initial  analysis of the large-scale flow surrounding the

s torm.

Faye, Septembe r 26, 0000GMT

This  storm was f i r s t  de tected as a typica l  wes tward-moving  t ropica l  de-

press ion  in the cent ra l  Atlant ic  on Septe mbe r 18. The t rack in Fig.  1 shows

that  Faye bare ly reached hur ricane  strength by the in i t ia l  t ime of this fore -

c ast , after a long gestation period . She had be gun recurvature  on the 24th

moving slowly and somewhat e r r a t i c a l l y .  With accelerat ion and re curvature

nt  the midd le - la t i tude  wes ter l ies  far  f rom land , Faye represente d onl y a

thr’eat to shipping. Th is threat  may have been considerable , howeve r , since

her  abrupt  eastward acceleration on the 28th brough t her  path to speeds which

only the fas tes t  and strongest shi ps could out-maneuver.

The SANBAR and actual tracks are shown in detail in Fig. 9, for the pre-

dict ion s t a r t ing  at 0000GMT on the 26th . Position e r rors  for both the opera-

t ional  and the bes t - t r ack  rerun forecasts  are given in Table 11 .

TABLE 11 . Position errors (nautical miles) in SANBAR
forecasts  for Faye , Septembe r 26 , 0000GIVI T .

Init ial t rack
Forecast  Dir . (°) and Spd(kts )  O h r s  24 h r s  48 h r s  72 h r’s

( ‘ t n e r a t i o n a l  315 -11 21 212 345 961
Best track rerun 330 -11 0 183 253 772
Change f rom opera t iona l  -21 -29 -92 -189
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The best-track information reduce d the position e r ro r s  c on ’m d e r a b ly ,  w i t h

the improvement increasing monotonically to 72 hours.  Reference to F i g ,  9 ,

howeve r , shows that the 24-hour benefit  was due solely to the improved t rack

direct ion in the bes t - t rack  forecas t , and that  the reduced errors at late r t imes

were at tr ibutable mainly to the pre l iminary  recurva ture  in the rerun forecas t,

Speed was a major problem in both cases: both the imme d iate jump f rom the

in i t ia l  11 knots to an actual 17 knots , and the obse rve d mighty  increase in

speed f rom 48 to 72 hours.  Thus , we bel ieve that the large-scale flow was

both incorrectly analyzed initially and unusually badly predicted.

The init ial  s t ream-funct ion pat tern appears in Fig. 10, while  the data

base s for the ATOLL and 200-mb analyses appear in Fi g. 11. At bogus points

9, 13, and 14, at Bermuda, and at 20°N 60°W it was possible to compare

large-scale winds derive d from the stream pattern with winds computed from

subjective es t imates from the ATOLL and 200-mb data bases. These esti-

mate s agreed with operat i-onal values at some but not al l  of these points .  In

cases of disagreement , an observation was close to the po int , It can be seen

from the results in Fig. 10 that the di rect ions  of the s t r eam- func t ion  and es-

t imated winds agree closely except at bogus point 14 , where  the l a t t e r  is

substantial ly veered from the fo rmer .  The e s t ima ted  speeds , however ’ , are

greater  without  except ion , substantial ly so near and pe rhaps south of the cen-

ter .  These speeds , in fact , correspond in the mean close l y to the average

of the actual t rack speeds six hours pr ior  and 12 hours afte r the i n i t i a l  t ime .

• (A correct initial analys is , after all, should prov ide a good h indcas t  as wel l

as a good forecast. ) There is some indication of a downstream increase in

speed , suggesting accelerat ion along the t rack , but not the sudden speedup

obse r ve d .

The question then arises wh y the SANBAR predic te d speeds in the f i r s t

24 hours  were so slow . First, w inds de ri ved from observations at bogus

points  9 and 13 were d iscarded , since they lie wi th in the outer  portions of

the 300-nm radiu s deeme d to be influenced by Faye . They we re rep laced

by we ake r winds  based on the 11-knot i n i t i a l  t r ack  speed,  It  appears , then ,

that the present SANBAR analysis algorithm loses valuable information in
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the outer portion of the region influenced (onl y s l igh t ly)  by the storm.

Second , it can be seen from Fig. 11 that the large-scale flow displayed

substantial , wel l-organized , shear between the lower and upper troposphere

in the region surrounding Faye . An equivalent-barotropic  effect  could easily

be added to the SANBAR forecast , but as pointed out by Sanders et al .  ( 1975) ,

it is in general nei ther  substantial nor reliable in the tropical  r”gions in which

this  model is cur ren t ly employed.  (This effect , if applied in the present in-

stance , would y ield a bet ter  shor t - te rm forecast  but a poorer hindcast ;  on

another occas i on it migh t be the other way around . ) Fig. 11 also shows that

Faye was embedded in a large trough system in the ATOLL layer. This pre-

sumably same trough is ev iden t  in the 200-mb data , with stronge r c i rcu la t ion

* 
and substant ia l  southward d i s p l a c e m e n t .  There is undoubtedly posi t ive ther-

m al - v o r t i c i t y  advection ove r l”aye , s i m i l a r  to developing ex t ra t rop ica l  cyclone s ,

however modest the magnitude in this case , A fully barocl inic model would

be required to calculate accuratel y the consequence of this s t ructure .

llovermale ’ s MFM Model ( 1975)  should be helpfu l in t h i s  respect .

Third , as can be seen from Fig.  10 , there are no satel l i te  data to the

right of the path of the storm . They migh t have been help ful , as in the case
of Amy discussed above.

In summary,  there were obvious flaws in the initial analysis , which were

damag ing to the shor t - t e rm forecast .  Part of the answer remains shrouded

in myste ry .

t The fa i lu re  of the model to produce the dramat ic  forward  acce le ra t ion

observed from 48 to 72 hours is another story, only part of wh ich lies in the

f a i l u r e  of SANBAR to put Faye in the righ t place at 48 hours . The mat te r is

elucidated in Fig. 12 , in which the large-scale predicted and observed 48-hour

s t r e a m - f u n c t i o n  change s are depicted . Since the s t r eam- func t ion  f i e l d  can

he specified only as the residual from an arbitrary constant, some assump-

tion must be made to arrive at these fields. We assumed that the stream-

f u n c t i o n  ‘-3lue remained essent ia l ly  unchanged in the lowe r r i gh t -hand  corne r

of the g r id  area.
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F i g u r e  12 Large scale i n i t i a l  f low pa t t e rn  ( so l id
l i n e s)  and 48-hou r s t r eam- func t i on  changes: a )  ob-
served;  h) p r e d i c t e d  by S A N B A H .  !~ —th ed l ine s
ind ica te  s t r e a m - f u n c t i o n  r ises;  dot ted  line s , s t ream-
func t ion  f a l l s ,
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We note that  the in tens i ty  of the fo recas t  ch ange s is not as great  as that

of the sb ser ’ve ’ ones . ThiN- f a i lu re  is probably typ ica l  of any baro t rop ic

model.  In p a r t i c u l a r , the pr ’edicted gradient  of change in the path of Faye

was woeful ly  in e r ro r , The obse rve d max imum rise along 2 5°N in the At-

l an t i c  was onl y hinte d at in the fo re cas t ,  There we re subs tan t ia l  change s

along the boundaries , held app rox ima te l y constant in the SAN~ ,AR forecast ,

but these we re pr obab ly not p r i m a r i l y to blame , since the centers  of ch ange

were wel l  re move d f rom the l i m i t s  of the forecast  g r id .  Note pa r t i cu lar ly the

prominent  center  of fall  along the St.  Lawrence R i v e r , due to the advance of

the pronounced trough i n i t i a l l y in the Miss i s s ipp i  Va l l ey .  This prominent

change , feebly s imula ted  in the SANBAR forecast , was doubtless responsi-

ble , along wi th  the gene ral rise along 2 5°N 
* 

for the observed inc rease in

speed of the s torm.  The large-scale  f low speed in the path of Faye was 25-
- 

* 

30 knots and increas ing wi th  t ime ,

The large-scale NMC forecasts  for approximate ly this t ime appear in

Fig.  131. It is clear that  ne i the r  the baro t rop ic nc r’ the six-laye r p r i m i t i v .~-

equation (P~~) fo recast adequate l y predic te d the substant ia l  changes in the

large-scale flow . The PE 72-hou r forecast did show the t rend , but too l i t t l e

and too late . From this we conclude that , as suggeste d above , f ixed  boundary

values of s t ream func t ion  were not a major con t r ibu to r  to the SANBAR fail-

ure in this  case , and that alth ough baroc l in ic  e f fec ts  were doubt less  impor-

tant they we re not adequately represented in the PE forecas t .

In summary,  the large e r ro r s  at 48 and 72 hours  were due to egregious

er ror  in the large-scale SANBAR forecas t , pr incipal ly (tue to the 7’a i lu re

to consider ba roc l in ic  e f fec t s  and only secondari ly to the ~~ilure  to p rov ide

for boundary changes.

4

1 . Compli- sets of N M C  f o r e c a s t s  we re not avai lab~e at MIT at t h i s

t i m e ,
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F i gur e  13.  NMC prognos t ic  c h a r ts :  a)  36—hou r ’  h a ro t r ’o p i c
f o r e c a s t  va l id  at 0000GMT , Septembe r 27: h )  24-hou r I’E
f o r e c a s t  va l id  at 0000GMT . Sep tember ’  27:  and c) 72-hour ’
PE fo recas t  va l i d  at  0000GMT . Sep tember ’  2~’

I

47

—
- 

_ _ _



r --  -- - -- — - —- - -- -

~~~

- - - - - — — -  - --

Glady s, Septe mbe r 30. OC OO GMT

As shown in Fi g. 1, Gladys , like Faye , grew from a t rop ica l  depression

that doubtless  evolved f rom an easterly wave emerging from Af r i ca  (Burpee ,

1972) .  Glad ys , howeve r , achieved hurr icane strength much more quickl y

and followe d a t rack somewhat south and west  of Faye ’ s, although generally

paral le l to i t .  The forme r storm , in fact , can be seen in Figs . 10- 12 , at a

t ime when serious SANBAR forecast  errors had not yet develope d . As in

the Faye forecast  discussed above , the pr imary  fai lure is inadequate pre-

d i c t i on  of nor theastward acceleration following re curvature , but the cause

in this  case is d i f f e ren t , as we shall see .

The de ta i l s  of the predicted and observed tracks fol lowing the in i t ia l

t ime  of 0000GMT , Septembe r 30 appear in Fi g. 14 , ,  while  the ATOLL and

200-mb data bases appear in Fig. 15. Position er rors  for the operat ional
F and re run  forecasts  are given in Tab le 12 , The 24 and 48-hour forecasts

in th is  case are bette r than ave r age , the latte r spectacularly so. There is

TABLE 12. Position errors  (nautical  mi les)  in SANBAR
f orecast s for Glad ys , September 30 , 0000GMT.

Ini t ia l  t rack
Forecast Dir .  (°) and Spd(kt s)  Oh r s  2 4 h r s  48hr s  72 hr s

Operat ional  295 14 5 50 15 661
Best track rerun 295 14 0 47 15 675

Change from ope rational -5 -3 0 -‘-14

no s ignif icant  difference between the ope rational and rerun forecasts , as the
posi t ion and t rack velocity we re well known in real t ime . The pauc i ty  of
in i t i a l  data , pa r t i cu la r l y at 200 mb east of Glad ys (see Fig.  15) , demon -

strates th at  one can be luck y on occas ion . The obse rvat ions in Fi g. 15(b ) ,
howe ve r , are adequate to show the upper- leve l trough w rapped around the
western  and southern periph e ry of the s torm , extend ing thence eas tward
between la t i tudes  15°N and 20°N. This fea ture , undoubtedl y the same as the
one seen in Fig.  11(h ) , does not seem in this  instance (contrary  to the Faye

48
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Figure 15. Data bases for  oceanic analysis , September’  30.
0000GMT : a) ATOLL; b) 200-mb . Notat ion the same as
F ’igure 7 .
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case discussed above ) to be providing posi t ive v or t i c i t y  advect  ion ove r the

storm area , in which the flow is nearl y s ym m e t r i c .  The dif fe rence may be

a ref lect ion of Faye s growth vs Glad ys ’s matur i ty  at the time studied .

The large error  is in the range of 48 to 72 hours , when Fig. 14 shows

that  the predicted storm came nearly to a hal t  wh i l e  the l iving Glad ys leapt

ahead to a speed of 40 knots in the last half of the inte rval .  The flow patte rn

and 48-hour observe d changes shown if Fig.  16 (a) d isplay a series of mobile

r ’idges and trough in the wester l ie s poleward of 35°N with  con-2iderab le  am-

pli tude but l i t t le  indicat i on of change of intensi ty , The pred ic ted  change s in

Fig.  16(b ) ,  on the other hand , show l i t t l e  of this mobili ty but rathe r a sub-

stantial  average s t ream-func t ion  r i se,  The band of maximum rise extending

north of the storm path between la t i tudes  40°N and 45°N , togethe r wi th  the

westward displacement of the subt rop ical anticyclone from an ini t ia l  pos ition

at 31°N 56°W to a position near 33°N 65°W 48 hours later exp lain Faye ’ s

subsequent predicted ha lt~ This large-scale anticyclone doubtlessly had

settled direct ly over the storm by 72 hours.  The actual s torm , on the other

han d , was presumably  caugh t up in the strong southwester ly flow between the

trough in the Great Lakes region and the downstream ridge ove r the Canadian 1:
Mari t ime Provinces at 48 hours range .

The fai lure  of the SANBAR forecast in this case has two causes . F i r s t ,

the observe d changes we re large along the fixed northern boundary whi le  ftc

maximum magnitudes were not far from it .  Second , the ave rage flux of ear th

vor t ic i ty  into the forecast  area appears to be in the ant icyclonic  sense , pri-

mar i ly  because of the influx of low values at the left boundary near la t i tude

2 5°N and the eff lux of large values at the righ t boundary near 40°N, While

the forecast program is being alte red to allow for  s t ream-funct ion changes

on the boundary , it m igh t  be a good idea to allow for  v o r t i c i t y  change s as

w e l t .  Of course , only the local changes of re la t ive  vo r t i c i t y  would count;

the i r  importance has not yet been demonstrated but is probably considerable

1. Only the in i t i a l  and 48-hou r predic ted  SANBAII f low pat terns are arch-

ive d by NI-IC.
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Figu re 16. l a r g e  scale i n i t i a l  f low p a t t e r n  and
48-hour s t r e a m - f u n c t i o n  changes: a) o b s er v e d ;  b)
p red ic ted  by S A NB A R .  Nota t ion  the same as Figu re 12,
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on occasion .

Our diagnosis  is suppor ted by the ba ro t rop ic and FE forecasts  shown in

Fig.  17 . The general trend of events is successfully indicated , especial l y

by the l a t t er , enough s~ to produce substantial  improve ment had they been

used to pred ic t  the storm path but probably not accuate ly enough to y ie ld  a

reall y good 72-hour  forecas t .

CONCLUSIONS

Our study of SANBAR forecasts made operationally during the 1975

hur r i cane  s”ason y ie lds  the fo l lowing conclusions and recommendations:

1. Pt more accurate  in i t ia l  p o s i f i o n  and t rack w i l l  produce a substan-

• t i a l  inc rease in accuracy of the posi t ion forecas ts  at ranges of 24

hours and probably at 48 hours

2 , The use  of s a te l l i t e -de r i v e d  heights  may provide us~ ful informa-

t ion  for  p r e d i c t i o n  of s to rms  i n i t i a l l y po leward  of , say , 30°N.

3. The cur ren t  me thod of anal y z i n g  the ini t ial  s t ream- func t ion  f i e l d

in the a-e a inf luenced by the storm ci rcu la t ion  is r e su l t ing  in loss

of useful  observational  informat ion (mostl y s a te l l i t e - d e r i v e d  w ifl ( l

e s t i m a t e s)  in the oute r f r inges .  This me thod should be alt e ”ed .

4 . The present  use of SANBAR bogus points is an u n n e c e ss a r i l y  corn-

ple x procedure which is probabl y los ing valuable i n fo rma t ion  con-

ta m ed in increasingly abunda’it sa te l l i t e  informat ion .  The anal-

ysis  meth od should be alte red , at least  ~‘v~’r . oceanic regions .

5 . Fixed value s of s t r eam-func t ion  and absolute v o r t i c i t v  or the

boundar ies  of the current  SANBAR forecas t  are a are producing

ser ious  e r ro r s  in some forecasts  beyond 24 hours  range . E i t h e r

the forecast  area should be enlarged or pred ic ted  values f rom a

hemispher ic  or global model should be app l ied  to the SANBAR

boundar ies .

6. Some s to rm tracks respond to ba roc l in i c  e f fec ts  in the large-

scale features  of thr ’ sur rounding region . In some instances the
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~ s torm t r ack  may be inf luenced  by a sy m m e t r i c  b a r o c l i n i c  effects

in the s torm s t r u c t u re i t se l f . A ba t -o c l in ic  mode l , appr opr iate to

the charac ter  of the oceanic data base , should be developed.

7. The Mcll)AS sys tem should be he lp ful with respect to i tems 1, 2 ,

3, and 4.

8. Even when all th i s  is d one , we shall  s t i l l  see in part  and prophesy

in par t .  But we may hope to see through the glass less darkly .

¶ 4
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F ’igure 17. NMC prognos t ic  c h a r t s :  a)  36-hour ’  haro-
t r o p i c  t’orecast va l i d  at 1200 GMT , Octobe r ’ 1; and b )
36-hour ’ PE fo recast  va l id  at 1200 GMT.  Octobe r ’ 1
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